Introduction
The association of dysplasia of the cervix uteri and human papillomavirus (HPV) infection is firmly established. HPV-mediated transformation of human epithelial cells is a multi-step process initiated by a deregulated expression of the viral oncogenes E6 and E7 in proliferating cells. The interactions of E6 and E7 with the tumour suppressor gene (TSG) products p53 and pRb, respectively and other regulatory proteins induce genetic instability which under unfavourable conditions will result in neoplastic growth and eventually in invasive cancer (1) (2) (3) . Cell culture models have proven to be useful tools to delineate the steps required for cervical carcinogenesis (4, 5) . Immortality represents one of the first steps in this process (6, 7) . By microcell-mediated chromosome transfer (MMCT), it was shown that HPV-induced immortalization results from the loss or inactivation of putative TSG on chromosomes 2 (8), 3 (9), 4 (10,11), 6 (12) and/or 10 (13). In addition, progression from an immortal to a malignant and invasive phenotype requires further (epi)genetic alterations (14) .
Our cell culture model system for cervical carcinogenesis is based on HPV16-or HPV18-immortalized human keratinocytes (6, 15, 16) . Comparative genomic hybridization at different intervals during passaging revealed a characteristic under representation of chromosomes 4 and 10 in these cell lines concomitant with the acquisition of the immortal phenotype (17) . By the use of derivative chromosomes in MMCT assays, the chromosomal regions linked to immortal growth were mapped to 10p14-15 and 4q35/pter (11, 13) . Moreover, loss of heterozygosity and interphase-FISH analyses (I-FISH) for CIN and CxCa were in line with these observations (11, 13) . In a subsequent experiment, we performed microarray analyses of RNA from CIN2/3 and CxCa to screen for putative TSG in these particular chromosomal regions. The two most promising genes on 4q35/qter and 10p14-p15 were SORBS2 (4q35.1) and CALML5 (10p15.1). The aim of the present study was to validate the expression of both genes by quantitative reverse transcription-polymerase chain reaction (qRT-PCR) in normal cervical epithelium, CIN2/3 and CxCa and to analyse the influence of these genes on colony formation, cell proliferation, cell migration, apoptosis and cellular senescence.
Material and methods

Patient material
Biopsies were obtained for routine diagnostic purpose from patients at the Department of Gynaecology at the University Hospital in Jena (Germany). Written informed consent was given to use the biopsies for further analyses. Samples were immediately frozen in liquid nitrogen, embedded in Tissue-TecÒ (Sakura Finetek Europa, Zoeterwoude, Netherlands) and evaluated by histopathology. For microarray analyses, microdissected dysplastic/ tumour cell areas from 10 HPV16-positive CIN2/3 and 7 HPV16-positive CxCa were pooled for total RNA extraction. To obtain sufficient amounts of RNA, 10 sections ($20 lm) of each tissue had to be prepared. For array hybridization, each tissue was represented with an approximately equal amount of RNA.
Validation of the candidate genes was done by qRT-PCR in 16 normal HPV-negative cervical biopsies, 14 CIN2/3 and 16 CxCa. Eleven of 14 CIN2/ 3 were HPV16 positive, two cases were HPV52 positive and one case was HPV51 positive. All 16 CxCa were high-risk HPV positive [HPV16 (5), HPV18 (5), HPV45 (3), HPV56 (1), HPV66 (1), HPV73 (1)]. For qRT-PCR, total RNA without prior microdissection was used. All sections comprised !50% epithelial cells.
All CxCa used in this study were of the squamous cell type with grading 2 or 3. Moreover, 10, 9, 2 and 2 tumours were classified as FIGO IB, IIB, IIIB and IV, respectively. Thirteen patients had no lymph node metastases (pN0). Ten had pN1 status. For microarray analyses, only stage IB and IIB tumours were used, three of which had node involvement.
Microarray analyses
For the analysis of differential gene expression between CIN2/3 and CxCa, Affymetrix GeneChipÒHuman Genome U133Plus2.0 arrays comprising 54000 probe sets were used (http://www.affymetrix.com). The microarray platform was provided as a service by the Institute for Vascular Medicine http://www.ivm.uk-j.de. Pooled RNA probes were reverse transcribed, biotinylated and hybridized according to user instructions. Scanning was performed with GeneChipÒScanner 3000 and the data were analysed with the Affymetrix GeneChipÒOperating Software (GCOS). Two candidate genes-SORBS2 and CALML5-located within our predefined regions on chromosomes 4 and 10 were found to be down-regulated 1.8-and 4.2-fold, respectively in CxCa versus CIN2/3.
RNA extraction, reverse transcription and qRT-PCR Total RNA was extracted from frozen sections using the QIAampÒ Blood Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions which include DNase treatment. One microgram total RNA was reverse transcribed in 20 ll using Oligo-dT-primer (500 nM), deoxynucleoside triphosphate Abbreviations: DMEM, Dulbecco's modified Eagle medium; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HPRT, hypoxanthine phosphoribosyltransferase; HPV, human papillomavirus; MMCT, microcell-mediated chromosome transfer; TBS, Tris-buffered solution; TSG, tumour suppressor gene; qRT-PCR, quantitative reverse transcription-polymerase chain reaction.
Ó The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com (500 nM each), dithiothreitol (10 mM), first strand buffer (Invitrogen, Karlsruhe, Germany), RNaseOUT (20 U) and SuperScript II reverse transcriptase (200 U) (Invitrogen). Subsequently, the complementary DNA was diluted 1:4 and 1 ll from each sample was added to a PCR reaction containing 1x PCR buffer, deoxynucleoside triphosphate (240 lM each), forward and reverse primer (500 nM each), dimethyl sulfoxide (5%), MgCl 2 (1.75 mM), SybrGreen (0.25) and AmpliTaqGold (1.25 U) (Applied Biosystems, Darmstadt, Germany) in a 25 ll reaction volume. The primers for SORBS2 were SORBS2-F (forward: 5#-AAG-CACAGCCTGCAAGACCA-3#) and SORBS2-R (reverse: 5#-TGGGGTATTG-GAGGGTCAGG-3#) [annealing temperature (Ta): 56°C)], primers for CALML5 were CALML5-F (5#-ACGAGGAGTTCGCGAGGATG-3#) and CALML5-R (5#-CATCCACCGACCAGGTTTCC-3#) (Ta: 57°C). The primers for hypoxanthine Phosphoribosyltransferase (HPRT) were HPRT-F (5#-ACGAAGTGTTG-GATATAAGC-3#) and HPRT-R (5#-ATAATTTTACTGGCGATGTC-3#) (Ta: 53°C) and primers for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were GAPDH-F (5#-GGTGAAGGTCGGAGTCAACG-3#) and GAPDH-R (5#-CAAAGTTGTCATGGATGACC-3#) (Ta: 57°C) and primers for Actin beta (ACTB) were ACTB-F (5#-GGACTTCGAGCAAGATATGG-3#) and ACTB-R (5#-GCAGTGATCTCCTTCTGCATC-3#) (Ta: 57°C). Thermal cycling was initiated at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, primer annealing for 20 s at gene-specific temperatures and extension at 72°C for 40 s and final extension at 72°C for 2 min. All real-time PCR experiments were run on an ABI 7300 real time PCR system (Applied Biosystems). Target gene expression was analysed in duplicates and quantified by a serial dilution of a gene-specific PCR product. All values were normalized to the geometric mean of the expression values of the three most stable housekeeping genes (ACTB, HPRT, GAPDH) (18) .
Cell culture
For functional studies, the following cell lines were used: CaSki (HPV16-positive cervical carcinoma), HPKII (HPV16 immortalized human keratinocytes) and HaCaT (spontaneously immortalized human keratinocytes). Cells were grown in Dulbecco's modified Eagle medium (DMEM) supplemented with 10% fetal calf serum, 100 U/ml penicillin and 100 lg/ml streptomycin at 37°C with 5% CO 2 .
Plasmid constructs and DNA transfection Full-length complementary DNAs were generated by RT-PCR. The primers for SORBS2 were: outer primer forward (5#-AAGGTTTTAGAAGCGT TCGACCAAA-3#) and reverse (5#-CAAATTAACTCGCCTCCTCTTGCTT-3#) (Ta: 57°C) and the inner primer forward (5#-ATGAGTTACTATCA-GAGGCCGTTTTCC-3#) and reverse (5#-TCACAGCCTCTTGACGTAGT-TTCC-3#) (Ta: 57°C). Primers for CALML5 were CALML5-F2 (5#-ATGGCCGGTGAGCTGACTCCTGAGGAG-3#) and CALML5-R2 (5#-TCACTCCTGGGCGAGCATCCTCGC-3#) (Ta: 68°C). Nested PCR was required to amplify SORBS2. The outer primer pair was located in the 5# and 3# untranslated regions. From normal cervical tissue, only one SORBS2 transcript species could be amplified. This complementary DNA is a splice variant of transcript 2 (accession number: NM_021069.4, http://www.ncbi.nlm.nih.gov/) and is characterized by an additional deletion of exon 24.
For CALML5, the PCR product was identical to sequence NM_017422 except for an exchange of nucleotides at position 219-221 (aag/gaa), which has no effect at the amino acid level. All sequence analyses were performed using the SequiTherm EXCEL TM II Sequencing Kit-LC (Biozym Scientific GmbH, Hess, Germany) and a LICOR DNA Sequencer apparatus (MWG Biotech, Ebersberg, Germany). The PCR products were purified using the QIAquickÒ Gel Extraction Kit (QIAGEN) and were cloned into the eukaryotic expression vector pBK-CMV (Stratagene, Amsterdam, Netherlands) which was modified by deletion of the prokaryotic promoter. The constructs are referred to as pBK-CMVD-SORBS2 and pBK-CMVD-CALML5.
For functional analyses, two HPV16 positive (HPKII, CaSki) and one HPVnegative cell line (HaCaT) were chosen. These cell lines are deficient for SORBS2 and CALML5 expression as determined by northern blot analysis. Transient transfections were done using Lipofectamin TM 2000 (Invitrogen), according to the manufacturer's protocol. Briefly, 2.5 to 3.0 x 10 6 cells were seeded into 10 cm dishes 24 h prior to DNA transfection. For transfection, 10 lg plasmid DNA was mixed to 25 ll of Lipofectamine reagent in an end volume of 1.5 ml DMEM without serum. After 20 min of incubation at RT, the DNA complexes were added to the cell culture medium and incubated for 4 h before replacing the medium. One day after transfection, the cells were trypsinized for use in proliferation, apoptosis and migration assays. The remaining cells were selected with G418 (PAA Laboratories GmbH, Coelbe, Germany) under optimized conditions (HPKII 400 lg/ml, CaSki 500 lg/ml, HaCaT 800 lg/ml) to test for colony formation and senescence (senescence-associated beta-galactosidase assay).
Cell proliferation
Transiently transfected cells were trypsinized, counted and seeded at a density of 1 x 10 5 cells per well in a 12-well plate. G418 selection pressure was not applied. Following 3, 6 and 9 days incubation, the number of living cells was determined using the CellTiter 96Ò Non-Radioactive Cell Proliferation Assay from Promega. In brief, prior to analyses the medium was exchanged, the tetrazole dye was added and cells were incubated for 2 h at 37°C. The reaction was then stopped by the addition of solubilization solution and incubated for 1 h at 4°C. Substrate conversion (optical density) was measured at 570 nm. The values obtained for 3, 6 and 9 days cell growth were normalized to empty vector control. Assays were done in triplicate and repeated twice. For statistical analysis, Mann-Whitney U-test was used.
Colony formation assay
One day posttransfection cells were trypsinized and seeded into six-well plates (10 4 cells per well). Two days after seeding (confluence between 20 and 30%), the cells were selected with G418 (PAA Laboratories GmbH). After 2 weeks of selection, the resistant colonies were fixed with 75-80% ethanol (4°C) and stained with crystal violet (0.1% in phosphate-buffered saline). For each experiment, cells were seeded in triplicate and the experiments were repeated twice. Colonies .1 mm 2 were counted by using the software 'TotalLab TL100 Colony Counter' from Nonlinear Dynamics (Nonlinear USA, Durham, NC). Statistical significance was evaluated by the Mann-Whitney U-test.
Soft agar assay First, the ability of CaSki, HaCaT and HPKII cells to grow in soft agar was tested. A significant level of anchorage-independent growth could only be achieved for CaSki cells. HaCaT and HPKII cells had to be omitted from further tests. CaSki cells were transfected with pBK-CMVD-SORBS2 and pBK-CMVD-CALML5 as described above. The empty vector was used as a negative control. For soft agar assay, six-well plates were first layered with a final 0.5% low-melting point agarose in 2 x DMEM with 10% fetal calf serum and 500 lg/ml G418 (PAA Laboratories GmbH). A top layer containing 10 5 cells per well suspended in 2 x DMEM with 10% FCS, a final 0.3% lowmelting point agarose and 500 lg/ml G418. The cells were fed every 7 days with 0.2 ml of culture medium containing 500 lg/ml G418. Colony formation and enumeration (colonies . 2 mm) were evaluated 4, 5 and 6 weeks after seeding. Assays were carried out twice in triplicate.
Apoptosis and cell cycle analysis
Apoptosis and cell cycle analysis were performed using fluorescence microscopy and cytometric evaluation of the DNA content, respectively. In each case, CaSki-, HaCaT-and HPKII-cells were measured before and 3, 6 and 9 days after transfection with pBK-CMVD-SORBS2, pBK-CMVD-CALML5, pBK-CMVD (empty vector) and a mock transfection.
Fluorescence microscopy
One day posttransfection cells were trypsinized and seeded into six-well plates (10 5 cells per well) with micro cover glasses on which the cells grow. Defined time points after transfection (3, 6 and 9 days) cells were washed, fixed (methanol/acetic acid 4:1) and stained with 4#,6-diamidino-2-phenylindole stock solution. The micro cover glasses were mounted on slides with antifade solution (Vector laboratories, Burlingame, CA).
The cells were microscopically evaluated for morphologic signs characteristic for apoptotic cells such as blebbing of the plasma membrane, cellular shrinkage and nuclear fragmentation.
Cytometric evaluation of DNA content Cells were collected before and at different time points after transfection. Then the cells were harvested, washed with phosphate-buffered saline, fixed in icecold 70% ethanol at 4°C for 1 h, resuspended in phosphate-buffered saline, incubated with RNAse A (50 lg/ml, 30 min, 37°C) and stained with 50 lg/ml propidiumjodid (.5 min, RT). The DNA content was measured with a BD FACS Calibur TM (Becton Dickinson, Heidelberg, Germany). The distribution of cells in the different phases of the cell cycle was analysed by DNA histograms using BD CellQuest software.
Immunofluorescence
For immunofluorescence, the cells were harvested, counted and 10 5 cells per spot were transferred on glass slides using a Cell spin II-centrifuge (Tharmac GmbH, Waldsolms, Germany). The slides were stored at À80°C until use. Then the cells were fixed with 4% paraformaldehyde at room temperature for 10 min, washed with Tris-buffered solution [(TBS) with 0.1% Tween-20, pH 5 7.6] and blocked in normal donkey serum (1:5 in TBS) (sc-2044; Santa Cruz Biotechnology, Heidelberg, Germany). Primary antibodies used were ArgBP2 (H-15): sc-14134 (1:100) and CALML5 (E-17): sc-82790 (1:100) (both antibodies-Santa Cruz Biotechnology). All antibodies were diluted in antibody diluent (Dako North America, Carpinteria, CA). The primary antibodies were incubated over night at 4°C in a humidified chamber. After washing with TBS, the cells were incubated with a donkey anti-goat IgG-fluorescein Functional analysis of genes isothiocyanate: sc-2024 secondary antibody (Santa Cruz Biotechnology) (1:200) at room temperature for 45 min in a humidified chamber. Finally after washing with TBS and aqua bidest, slides were covered with 4#,6-diamidino-2-phenylindole/antifade solution. Evaluation took place on a Zeiss axioplan microscope (Zeiss, Jena, Germany) using AxioVision Rel. 4.5.-software.
Cellular senescence
Cells undergoing senescence can be identified by 'SA (senescence-associated) beta-galactosidase' staining. Staining was performed as described previously (19) .
In a recent report, (Kuilman et al. 20) describe that up-regulated p16
INK4A
often correlates with cellular senescence both in vitro and in vivo, and as such it is a common but not universal senescence marker. Therefore, in addition to beta-galactosidase staining, HaCaT cells were also stained for p16
. This assay was not applicable for HPKII and CaSki cells because these cells constitutively overexpress p16
INK4A as result of HPV oncogenic transformation
Cell migration assay
To analyse cell migration HPKII, CaSki and HaCaT cells were transfected with pBK-CMVD-SORBS2 as described above. The empty vector pBK-CMVD was used as a negative control. Migration assay were performed in triplicate using 24-well transwell inserts containing a polyethylene terephthalate membrane (Millipore GmbH, Schalbach, Germany) with a pore size of 8 lm. The lower compartment was filled with DMEM supplemented with 10% fetal serum (700 ll). Transfected cells (10 5 cells per well) were suspended in DMEM (500 ll) supplemented with 1% fetal serum and seeded on top in the upper compartment of the chamber. After 24 h of incubation at 37°C, all non-migrated cells were removed from the upper face of the transwell filter. Cells that transversed the filter were fixed in 80% ethanol, washed in Aqua dest, dryed and stained with 1% crystal violet. Subsequently, the crystal violet stain was dissolved in 10% acetic acid to be quantified at 590 nm.
Results
Quantitative reverse transcription-polymerase chain reaction
Two candidate TSG, SORBS2 and CALML5, located in chromosomal regions which we had previously linked to cervical cancer were identified by microarray analyses. Differential expression of both genes was validated by qRT-PCR in 16 normal cervical tissues, 14 CIN2/3 and 16 CxCa. Target gene expression was measured in duplicate and normalized to the geometric mean of the three most stable housekeeping genes (ACTB, GAPDH and HPRT) in the tissues analysed. The expression levels of SORBS2 and CALML5 in CIN2/3 and CxCa are in line with the microarray data. Box blot analyses clearly illustrate different expression levels of both genes, shown to be significantly lower in CxCa as compared with CIN2/3 or normal tissue by Mann-Whitney U-test ( Figure 1A and B).
Proliferation assay
To assess the influence of SORBS2 and CALML5 on cell growth, we determined the number of living cells at 3, 6 and 9 days after transfection of the candidate genes using the CellTiter 96Ò NonRadioactive Cell Proliferation Assay. Proliferation was significantly reduced (P , 0.05 Mann-Whitney U-test) by SORBS2 expression in HPKII, CaSki and in HaCaT cells (Figure 2A ) and could be reproduced in two further experiments. Contrarily, CALML5 did not have any influence on cell proliferation ( Figure 2B ). The inhibitory effect on cell proliferation mediated by SORBS2 decreased after day 6. This is most likely due to the gradual loss of the plasmid DNA in the absence of G418 selection pressure.
Colony formation and soft agar assay
To analyse the influence of the candidate genes on colony formation HPKII, CaSki and HaCaT cells were transfected with empty vector and plasmid vectors expressing SORBS2 and CALML5. Transfection efficiencies as determined by cotransfection of enhanced green fluorescent protein ranged between 33% for HPKII and 50% for CaSki and HaCaT. Cells were selected for neomycin resistance for 2 weeks. Colonies were then stained and counted. Compared with the results seen with the empty vector, reconstitution of SORBS2 expression resulted in a significant reduction of colonies in HPKII, CaSki and HaCaT cells (Figure 3A and B) . These results are statistically significant (P , 0.05 Mann-Whitney U-test) and could be reproduced in two further experiments. CALML5 did not influence this phenotype in any of the cell lines tested ( Figure 3B ).
Soft agar assays could only be performed for CaSki cells. HPKII and HaCaT cells did not show anchorage-independent growth. In CaSki cells, we observed a strongly reduced capacity of SORBS2 transfectants to form colonies compared with transfectants with the empty vector after 4, 5 and 6 weeks (data not shown). For CALML5 transfectants, we also determined a reduced number of colonies, but this effect was weaker than that of SORBS2 transfections and was statistically not significant. No colonies were detected using mocktransfected CaSki cells after selection.
Cellular senescence
Senescence-associated beta-galactosidase staining at different intervals up to 2 weeks posttransfection did not reveal any signs of senescence. In addition to beta-galactosidase staining, HaCaT cells were also stained for up-regulated p16 INK4A expression, which can be indicative of senescence (20) . There was however no difference between cells with and without the genes of interest.
Apoptosis and cell cycle analysis
The assays were carried out to exclude apoptotic cell populations, which could modify the results of the different functional assays (proliferation assay, colony formation, soft agar assay, cell migration and senescence assay).
Fluorescence microscopy
None of the cell populations with or without transfected plasmids or at different time points showed increased morphological signs of apoptosis as exemplarily shown in Figure 4 . For SORBS2 transfectants, we could observe a decreased number of cells 3 or 6 days after transfection as compared with other transfectants ( Figure 4C ). This is in line with the results of the proliferation assays.
Cytometric evaluation of DNA content The presence of a sub-G 1 peak in DNA-histograms (which essentially relates to the partial loss of fragmented DNA) is a widely accepted cytometric feature to assess the presence of apoptotic cells. Before evaluation, a discrimination of duplets was carried out. The flow cytometry assays showed neither at the different time points nor in the different cell lines a shift of cell populations between the phases of the cell cycle ( Figure 4) . As expected, most of the cells were in the G 1 -phase of the cell cycle. Only for one measurement-9 days after transfection of CALML5 in CaSki cells a minor sub-G1 peak was observed, which could point to an increased number of apoptotic cells (data not shown). However, this seemed to have no influence on the other measured parameters, like proliferation or colony formation.
Immunostaining
Immunofluorescence was performed on cytospins of untreated recipient cells and cells 3, 6 and 9 days after transfection. Figure 5 shows data from CaSki cells exemplarily for all cell lines tested. In untreated cells, we observed a strongly reduced or even absent expression of SORBS2 and CALML5 ( Figure 5A and E). Three and 6 days after transfection substantially more cells expressed SORBS2 or CALML5 ( Figure 5B , C, F and G). Between day 6 and 9, expression levels declined due to the lack of selection pressure ( Figure 5D and H). These data are in line with the observations made for cell proliferation.
Cell migration
Because SORBS2 was the more promising gene with regard to the transformation parameters tested, we decided to analyse the effect of this gene on cell migration. Compared with HPKII and HaCaT, CaSki cells had the highest migratory potential but SORBS2 had no influence on migration in any of the three cell lines examined ( Figure 6 ).
Discussion
Although high-risk HPV types play an essential role in cervical carcinogenesis, numerous as yet ill defined (epi)genetic alterations are also mandatory (21) . At the RNA level, these alterations may result in gene silencing, subtle alterations in gene expression or overexpression of genes and could thereby influence the transformation process. However, most of these alterations are likely to reflect the transformed phenotype of the cell and cause or effect need to be delineated. Nevertheless, as long as a particular genetic alteration is specific for cervical cancer it could be of diagnostic and/or prognostic value (22) .
In previous investigations using MMCT into HeLa or HPKII cells, we have mapped the functional loss of putative TSG to 4q35/qter and 10p14-p15 (11, 13) . Moreover, loss of genetic material within these chromosomal regions could be confirmed by interphase-FISH and microsatellite PCR in CIN2/3 and CxCa (11, 13) . In continuation of this work, we performed gene expression profiling of CIN2/3 and CxCa using whole genome arrays but focussed our analyses on the chromosomal regions of interest. Two genes, SORBS2 and CALML5, located on 4q35.1 and 10p15.1, respectively, could be identified. We now provide evidence that both genes have significantly decreased relative transcript levels by qRT-PCR in CxCa versus CIN2/3 or normal tissues. As a consequence both genes were further characterized in functional tests.
SORBS2 (alias ARGBP2, KIAA0777) is widely expressed in human tissues including epithelial and cardiac muscle cells. During progression of pancreatic cancer, it is strongly repressed (23, 24) . It was originally isolated as a binding protein for the c-Abl and c-Arg non-receptor type tyrosine kinases and was referred to as ARGBP2 (25) . SORBS2 has several well-defined structural motifs comprising three Scr homology 3 domains (SH3), a sorbin homology domain Functional analysis of genes (SoHo), prolin-rich ligand-binding sites and several serine/threonine phosphorylation sites (26) . SORBS2 belongs to a novel adaptor protein family, which includes Vinexin and CAP/ponsin (24, 26, 27) . Characteristically, these adaptor proteins are composed of two or more protein-protein interacting modules but have no own enzymatic activity. SORBS2 was shown to be involved in the assembly of signalling complexes in stress fibres and represents a potential link between the Abl family kinases and the actin cytoskeleton (27-29). Eight Splicing was in frame and resulted in deletion of a stretch of 527aa, which has no apparent functional sequence motif. Exon 24 is also missing in 6 of 8 SORBS2 isoforms listed in the NCBI database. Ectopic expression of this newly identified isoform significantly reduced cell proliferation and colony formation of three different cell lines. These properties are characteristic for TSG (30) (31) (32) . Interestingly, (Taieb et al. 23) observed that the cell proliferation in vitro was not affected by ArgBP2 in pancreatic cancerous MiaPaCa2 cells. The antitumoural potential of ArgBP2 in these analyses is rather linked to the control of cell adhesion and migration (23) . Moreover, ArgBP2 seems to have no effect on apoptosis in pancreatic MiaPaCa2 cells (23) .
Of note is that in a recent report, homozygous deletion of 4q35.1 in the Burkitt lymphoma cell line Elijah resulted in SORBS2 truncation (33) . This deletion was caused by the complete loss of one copy of chromosome 4 and an interstitial deletion of the remaining chromosome. This led to the use of a cryptic splice acceptor concomitant with the introduction of a premature stop codon. As a consequence, SORBS2 loses its SH3 domains encoded by exons 26/27, 28/29 and 31/32 and thus is deficient for binding to the Abl family kinases. Another example for functional inactivation of SORBS2 was evident in case of an infant M5 myeloid leukaemia involving a 4q35 and 11q23 translocation (29) . Thus, far, we could not elucidate the mechanism by which SORBS2 is down-regulated in CIN2/3 and CxCa. The upstream regulatory region of this gene lacks the characteristic CpG islands pertinent for gene silencing by hypermethylation. Moreover, it was recently shown that despite hypermethylation of CpG-poor promoters gene activity cannot be precluded (34) . Beside deletion other forms of gene silencing such as chromatin remodelling or transcriptional regulation including miRNAs need to be considered in further studies. It is also of note that in our study, the median level of SORBS2 expression in CxCa was 3-and 6-fold lower compared with CIN2/3 or normal cervical tissue. However, in contrast to the latter two groups, the expression levels were more broadly distributed among the cancers. This, however, could not be correlated with a more advanced stage of disease.
The second candidate gene, the calmodulin-like protein 5 (CALML5) or so-called calmodulin-like skin protein (CLSP), is located on 10p15.1. This region is frequently altered in HPV-immortalized cells and in cervical carcinomas (13, 17, 35, 36) . CALML5 encodes a novel calcium binding protein expressed in the epidermis and is related to the calmodulin family of calcium binding proteins. CALML5 is closely linked to terminal differentiation of keratinocytes (37, 38) . The protein is proteolytically degraded in the upper layers of the stratum corneum of healthy skin, but showed elevated levels in skin disease like psoriasis (38) . These elevated levels result from a lack of degradation of calmodulinlike skin protein in psoriatic epidermis. The sustained ability to bind proteins such as transglutaminase 3 may have a physiological role in psoriasis (38) . In the present study, CALML5 was weakly expressed in all cell lines investigated. A strong decrease in the relative transcript levels for CALML5 was as seen in CxCa in comparison with CIN2/3 and normal tissues. In our functional assays, CALML5 had no influence on the cell proliferation and colony formation in CaSki, HPKII or HaCaT. The functionality of the expression construct was confirmed at the sequence and protein level. Interestingly, GATA3 (GATA-binding protein 3) is also located on 10p15 and its down-regulation was correlated with HPV-mediated immortalization in vitro and advanced Functional analysis of genes (pre)malignant cervical disease (39) . In a recent study, Song et al. (40) provide evidence that GATA3 is more strongly down-regulated in cervical lesions progressing to invasive cervical cancer. Neither SORBS2 nor CALML5 could induce senescence in our experimental setting. However, at this stage, we would not like to fully exclude this possibility. Retrovirus-mediated gene transduction may provide more stable expression levels of the candidate genes, which may be a requirement to observe this phenotype.
In summary, these results are in support of our previous data, which provided evidence for loss of gene function on chromosome 4 and 10 (11, 13) . One of the genes identified, SORBS2, has characteristic TSG properties and may thus contribute to the transformation process. To our knowledge, this is the first report showing involvement of SORBS2 in cervical carcinogenesis. 
